The correlation between delta differences for 20 serum chemistry tests was calculated for 2400 samples from 288 patients. There were 12 pairs of chemistry tests for which correlation coefficients of the delta checks exceeded 0.25; aspartate aminotransferase and alanine aminotransferase had the highest Pearson correlation coefficient, 0.915. The highest negative, indirect, correlation was between the delta checks of bicarbonate and chloride (-0.219). The relationship between delta differences may be used as a qualitycontrol technique to detect analytical errors. 
Materials and Methods

Data Base
Data for 20 chemistry tests were collected at the Medical College Hospitals via a MV-15000 computer (Data General, Westboro, MA) with Meditech (Westwood, MA) laboratory software. Patients' laboratory data were obtained for 2400 samples on 288 patients from July-November, 1988. Serum sodium, potassium, chloride, bicarbonate, glucose, urea nitrogen, creatinine, calcium, phosphorus, uric acid, total protein, albumin, total bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), creatine kinase, cholesterol, and triglycerides were analyzed in an Astra instrument (Beckman Instruments, Inc., Brea, CA). ' The correlation for the original laboratory data and the delta differencesfor highly correlated chemistry tests are also shown in Table 2 . The correlations between delta differences were generally the same as the corresponding correlations between the original test values, but with some differences. The correlation for the delta difference between total protein and albumin (0.761) was higher than the corresponding correlation between the original test values (0.578). This may reflect increased covariation seen in disease (with therapeutic intervention) as opposed to a more random relationship seen in health. The sodiumchloride test pair had a higher test correlation (0.644) than their corresponding correlation for delta check (0.508). This may result from frequent monitoring of patients with small changes in laboratory values, which can lead to a lower correlation. Also, multiple factors (medications, intravenous fluids, diet, etc.) may affect these tests differently and thereby reduce their covariance.
DIscussion
Monitoring patients for important clinical changes is a frequent reason for ordering laboratory tests. Alterations in laboratory data reflect biological variations, pathophysiological changes, analytical errors of accuracy and precision, and pre-and post-analytical sources of variance. Delta checks or multivariate monitoring statistics can detect these sources of variance.
The distribution of delta differences (Table 1 ) compared well with that in a previous study (7) . Values exceeding the 5 and 95 percentiles may alert the technician or physician to potential analytical or clinical problems. Delta checks should be compared against method precision to determine significant differences (8) . Also, the time between consecutive measurements should be considered. In addition, biological within-and between-person variability and clinical significance of test changes are important considerations for delta checks (9). Each laboratory should determine its own distribution and correlation of delta checks because of the differences in test methods and mix of patients. Many delta checks are false positives, particularly in critically ill patients (10) . False-negative delta checks may result from specimen mislabeling (3). False-positive delta checks may lead to increased physician ordering of tests or changes in patient care, whereas false-negative delta checks may lead to late detection of important clinical changes. It may be easier to detect laboratory errors if the correlation between delta checks is used.
The highly correlated delta checks generally reflect high correlations of the underlying tests ( Table 2 ). The high correlations among tests reflect the underlying physiological relationships between tests, which can be greater during illness (e.g., the increase in serum urea nitrogen and serum creatinine during acute renal failure) or through therapeutic intervention (e.g., the increase in sodium and chloride as a response to intravenous salt therapy).
The correlation between delta check differences may be used to detect possible analytical error. The direction of relationship between two highly correlated delta checks could be evaluated.
A positive delta check correlation indicates a direct relationship between two tests of consecutive specimens from a patient. Thus, an indirect (negative) relationship between checks (e.g., the increase in AST associated with a decrease in ALT delta difference) could indicate laboratory error. More quantitatively, one may be able to form confidence intervals for predictivity between highly correlated delta differences.
